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1« INPRGDUSTION,

Mnewous works encountered in scientific literature of recent
years show that some authors are wvery much interssted in the
problem of ewaluation of apreading rate of rediocactive
contamination in seas and oceans.It is knomn that thie questio
requires profound knowledge of intensity of processes of the
water mass mixing.Inverse problems are also known,that is
application of data of radioisotope distridution with depth
for determination of intensity of mixing.In them conclusion
of intensity of process of mixing made 1s besed on the ana-
lysis of the vertical distribution of radioisotopes deposited
on the surface layer of the ocesn after nmuclear wsapon tests
( as a result of fall- out, in genersl, of stratospheric
charecter ).3ome investigatrry use for thie purpose data of
distridution of the naturel radiocactive elements of o oBRNogo~-
nical origin,such as 7,C=-14,Be-7.

In the first case the term " age " was introduced to evaluate
intensity process of spreading of radicactive contamination.
later this term wao broedly used by various investigators
for solving come practical problems.Those investigatora who
studied radioocardbon distribution in ocean waters deterwined
the age of the Atlantio Ocean to be sbout 500 Yyears, For the
iacifio OJcean this walue i 1500 years.Peking into sccount
such great values of the age residence time of the fall-out
redioactive products in the upper mixed layer was determined
ae 30=100 years.

Bowem and Sugihara / 1 / are believed to be the fire: €0 re-
ceive exporimental dats, which diapwroved such meaning of the
intensity .f deep water contemination in the ocean .

N
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In 7957 thew discovered penstratiolr of radiomiclides to
the depth of 1000 m. The sge of these radionuclides ocould
not be greater than three ycars, becasuse the intensive
fall-out of radiocactive isotopos begzan after 1954. Purther
obaervations carried out by Miyske and others /2/
confirmed the consideradle penetration of radiosctive
Ce and Sr to much greater depths in the ocean. Thus the re-
sulte of analynis of radiocective isotope distridbution in the
oooan show that values obtained by radiocardon toohnigue are
wrong. In fact, the term "ager (though succesful 1im geology)
sould not be mechanically tranaferdd to ocesn waters and
1te ussge supposing that the ocean watere did not mix
and wore stable - was wrong.
Rocco end Broscier noting many coatradictions which cculd
be encountersd in modera kncwledges of processes of the
vertical radicactivity transfer tried to meke & couirol
exporiment. But they received 1little materisl and it
differed from the well ocorrcborated knowledges of concenkt-
rations of radiogctiwe Sr amd Cs at intermediais and
great depths in the ocean. Az 32, %t is neceussayry to make
scme additionsl experiments amd te snalfas the obtained
data with great care.

Om the other hand 1¢ exlsts now the intsnsity of vertlical
wixing using data of radlolsotope distrilmation which is
§n many case= based on Fikkiem sgumiisn of diffusios.
Some worke @¥e known now in whioh the suthors wads an sf-
tempt to caloulats by indirect methed values of turbulent
diffusivity in the ocean svaluatimg intensity of the ver-
tical transfer some aimplifying suppozitions were made.
In particuler, turdnlent diffusivity was comsidered
to be constant at various depths and eeasons; and the
vertical component of current velocity in the oceam was not
taken into account. ( Kiyske and othere~2 and Sereda-4)

E‘-"‘“{ll; only ‘?.-Icﬁ-ihnn valnes wens measived ae = Mm)lt-

tuat they showed much highn i.ntoncity of proceas of mixing

A _

m m ng 'nau -l‘ H uv-“muwn =7

age by radiocarbdon.
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The quanditative discription of procere of spreading of
radicactive contamination with statiomery fiow on the
surfsce layer of tbhe oeean( whioh shows contemts of rallo-
aotive falleout ) iv given i this paper .For the analyti-
cal solution the aathors had to schematisze the prroblem
shoving Otean as & threec-layered moiel with various laws
of turbulent diffusivity distridbution and vertical compow
nents of carrent wveloeitios in every layer .Till now quite
suffioient soheme of epreading of radicactivo contamination
ir the 00sIn was not redeived, that g why the following wox
was verforaed Dy va ¢

1o uring the r/v * !likhall Lomonocsov " cruises distridbution
ol agplinter proincts, Jdeposited on the ocean surface from
the atmosphore ran bdoen ntudied.

2e7he wertical turbulems diffasivity valaes and verticel
cumponants of the aversge curront vslooities wore calch «
leted by technique giver v the nener By A 2.Folesnikove
Thess caleulstions were based ob meanurewent data of
three fields- velocity of current, temperature and salini-
t7, 38130 obtained durirg exvelitiors sboeyd the r/v "X,l0=-
RONDOKOY ",

3o [ne problen of I'inding sprescine rate of radioactive
contamination in the ocean gas solved with the help of
slectroais somputer .This solmution was besed on the Obe
tained tardulent Aiffusivity data and ourrent velocity
2ata not considering any siaplifying cuppositions,

rressat pader is cevoted ¢o basic results of this work ,

T2,TNE r/w M TTEHAIL  LOROHOT T
QRCSERVATICUIL  ZATA o

uring recent yeers constant deteraingtions of radionucii-
dr eomtents in the dcean were poriormad aboard the e
searal veosael of the ‘arine Jydropnveisal Inatituts of Rka
spademy of ‘slencec of the Uk ™, aveastis-tions were
sarried out both for gurface wataraand deep matsrs, The
débtained usmsmples were processed according to gtandaxrd

16 ¢ -4 -
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toc.oayus o ducliadiog cevbonmie peeclyl tation wiud ur -
ther duturmination of vadioactive “pr concentration by
Jdaughbder :tirium=950,Carbonate praciplita tion of Spe-G0 f:on
100=150 litre ogwaples was made directly during expe -
dition end received concentrated product was further pro -
censed under stationary conditions .

hauio~chemical proceagaing of concentruxted material wao in
e large measure psvivrmed by geciontifiec group under the
lsadership of profwess i V.P. Chvedoy end candldate of’
Physical and vathematicel cclence L.T. Godeconoy  to
wnom authors are grateful ,1U was occnaldered that CONaw
tents of stuble isotope of Sr with ealimpdty 30 1% are

13 mg/ g «it i3 naturael thet it varled dependin: on ol ie
nity end conditional denmity . As demoted contenis of
stable isotops mre not surficiemt e portion of none radin o
active $re as salt SrCl, « was addsd % the sgople For the
relisble precipitation with cerrier. 750 g of warr” ate nf
ammonium and 1200 g of anhydrous eodlnm carbonals wwug

added to the golution as s poisexr in oxder io prevent
maguesium precipitation,Sr ocutput wes nontroil«d by flamo-
photonetric method .Then Sr procipitated as atroncium
nitrate,Sediment of strontium nitrate was centrifugsd, and
radiosctive Sr contents wore determined by dsughter
vetirius.The vast srses of the Atlantis Ocean ( 40-50 K

to 10 8 ) were studied . Conslderabls penetration of :a -
Gioective Sr ocam be trscid st ss=zisusm  depths , where de=
terainations of this radicactive izotope wers mads . ALS
41¢ is characteristic of all measuremsnts mede . Radio -
active Sr consentrations oscillated ium different arexs frou
©,05 ( region of rize of deep water nemr Dakar ) to

0413 pico=curie .That is in good agreement with data pude
1ished previously. Lows»ing of activity ‘o 0,02 -

0,05 pico=omris can be noted in thermoclime( S&s Tig. 2.
1000 m lower to thermocline no abatement of specific acti~

wity ia notiedd

§3.Celoulation of pemstration of redicactive
contamination %0 depth.
The problem of vertical pemstiratios of :ndisessiive wsteximl
- 5 ws
166
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C ooncentretion in the ocean can be iciven in the
following equation:

e 2,0)9€ _ 0
%T,LI«//T) 7 ¢

with boundary condit Long
C=C,(T) with 7 = ( / 2/

%35‘2_:0 with ‘eH / 3/

vhere T 1o time, - im vertical co~ordinate ( axin -
directed vertically commg 1t origtinates from the oc aan
ourfece , « ( rT)= is verticsl sizponent of the aversge
velocity of curvent D ( 2,7 )= is tunbnlsnt diffusivity ,
T”.? iz nail-l1fe of racineotive materinl, H - ocean depth,

\ =

fupotion &, (T ), ‘ioeriting  2luy of Ta.doactive isotore
ooncant“atmn oM Tt Taza wan it using date ohtedned
adoard the pfw n - “311 T omornarr " by megsuring the real
contenta 0f cancenir:lona ~f rallosctive rmaterial in the
surface laver .,
¥V and . values wers computed uging the gsctual data of
measurencnis of onrrent W@loelw s teeperatur:. and el -
e v/ " e, Lomenosov B gnd
also mp;a.im;m‘ '8 data atlag { 7 ) by techaique given in
the paper ( $ ) The oBtalimad « ang o values wore analysed
and generalized by ua ond Svnione profiles of changn of
these values womre Aprawn ‘v»;: ncoordanee  with depth sad
seaaons ( Com fig.! ). Seasonal run of v and . variatiom
with danih  in the nchane acczpted by us , corresponds to
fhe foilowing ~“Tuas 0f thewmeolins depth mocording to
ronthe of the vegr;
1.17 / rinter /=200 m.

=£0 =,
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Taving determined O, ,C and 7 aspect , the solution of
problems /1/ — /3 / wma mate by elecironic computer
‘ by numericaml method ).
Computetion involved period of time from 1954 to 1964,
An example of rﬁ“‘{'h calcul-tion of apreading of Sy-90
consentration’ Y3 20 yeare / 1o given in fg.2 curve 1 ).
This diatribuation of "r ~90 concentretion with depth e
refered to 4-th quarter of 19G62.Tatn of Or-90 eon -
oentration obtained during the rfv © iikhail Lomomoamov "
exreiiticn can be glso refered to thile reriod.Thoy are
given in fig.lTheorotical and actual  values for Sr <90
are in good agreement to dopth of %000 m,
an assentizl eoffgct of memsonal varietion of thermocline
depth on penetration of yadioactive meteariakl from surface
to deecp wnter layers was vevemled,It is known that mini-
mam O valnes apre found 4n lcwer bnrder of thermocline .
et dpecily under it menendipg motiong of water are
Tearad JUndeT sueh conditions blockisp layer arises, Fe-
Batestion  oF ooncentretion lowsr to this layer i
Lo LA oE :;rar:ﬁrsm;;amt 17 thermosline is lowerisg o oon
I sl An lewaring together wilh i€y and
’wuy aalfevaiy owgr 18 aTter ¢he vise
wehdunbrFaticon 08 aateriel { wBieh wae
togather with 18 ) iz Tound lowor €9 1t undey
winilont GL8Tuelivwity by

5

ek sd vadugs oF

$ha
AL Phome nom na  the oom
eeae QO3

I - —r—

Dagrther &2 de
iy vuedations :}ﬁ‘ s “w@} Sae Jdests  efiest
uimo, when condentiation of redddertive mmtarinl
wirfse layer o depth woh am offgas of
af et leporiance in gRcheng.
GRFIRGCS layabr aBd Fouep

o R gRTT §
DF Segewnas

-
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Tie ~esult of this cilculation 1s shown as curwe 2 1{n
fig.2, As it 18 guven 1in fig.2 sepecific activity wvalues
with variation of thermocline on the surface are twice
lesa than at fixed profiles © and We

Y 4. Conolusion.

Good agreement botween actual and calculated conocentra~
tione shows the correctness of choioe of initial suppoei-
tions. This circumstance allows ug to detail a number eof
peculiarities of process of vertical syreading of radio -
active material in the ocean. In particalat, ansglyais of
the given solution indicates that depth of penciration o
radiocactive i1sothpes increasses with the growth of halv .
life of radioactive isotope. Then we succeded in i oy
mechanian of sprexding of igotope concentration in sur -
face layer caused by seasonal variations of thermocline
depth, whioh oreates the blocking layer. Ae it turned
out the vertical trameference of thermooline depth effects
like & sluice letting radiomctive naterial from surface
layer in to deep-mater laysrg. All this leads to much higher
intensity of exchange than at permanent depth of
thermocline. As a result the performed calculation
fulfilled for tem yesr period indicates <that during
this period radicastive materis! from surface layer reached
the bottom to depth of 5000 m, snd consaquently, it has
much higher rates of sprogding than according to Tak0",
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Flg.1e “ea2aonal run of U and Vv vardetion with depth.

Flg.2. Ciotridbution of Sr =230 concentration with depth
at chkanging denth ¢f thernooline ( curve =% ) and
at rermanont depth of thermodline ( curve =2 )
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